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The c u r r e n t  launch s t r a t e g y  f o r  l u n a r  m i s s i o n s  (as 
p r e s e n t e d  a t  t h e  October  1 9 6 9 ,  mee t ing  of  t h e  Apo l lo  S i t e  
S e l e c t i o n  Board) i s  t o , u s e  o n l y  pr imary  s i t e  l aunch  windows 
t h e  f i r s t  month, and t o  use  p r imary  and backup s i t e  windows i n  
t h e  second month. MSC i s  c o n s i d e r i n g  a r e v i s i o n  i n  l a u n c h  
s t r a t e g y  t o  u s e  o n l y  pr imary s i te  l aunch  windows f o r  t w o ,  and 
p o s s i b l y  t h r e e ,  monthly o p p o r t u n i t i e s  ( i . e . ,  no backup s i te )  
For  b o t h  s t r a t e g i e s ,  t h e  launch window o p t i o n s  are examined 
and each  m i s s i o n  rated as t o  r e l a t i v e  l a u n c h - a b i l i t y  ( launch-  
a b i l i t y  v a r i e s  w i t h  t h e  number and s p a c i n g  of l aunch  windows).  v) 

a m  
d r o  
U P  Using a s t r a t e g y  w i t h  a backup s i t e  i n  t h e  second G r  
f)r month, m i s s i o n s  t o  F r a  Mauro ( H - 2 ) ,  Marius  H i l l s  ( J - I ) ,  and 

Tycho ( 5 - 4 )  are found t o  have a lower  o v e r a l l  l a u n c h - a b i l i t y  
cu- P t h a n  o t h e r  m i s s i o n s ,  p r i m a r i l y  due  t o  fewer a v a i l a b l e  windows 

i n  t h e  f i r s t  month and t h e  l a u n c h  window p o s t u r e  i n  t h e  
second month (low turnaround t i m e  t o  t h e  backup s i t e ) .  Using 
a s t r a t e g y  w i t h  o n l y  pr imary s i t e  windows i n  a l l  monthly oppor- 
t u n i t i e s ,  t h e  same miss ions  p l u s  L i t t r o w  ( H - 3 )  and Descartes 
may each  be  l i m i t e d  t o  a maximum o f  t w o  l a u n c h  windows 2 4  hours  
apart  each  month. 

The absence  of backup s i tes  i n c r e a s e s  t h e  l i k e l i -  
hood of monthly l aunch  s l i p s .  I n  o r d e r  t o  d e c r e a s e  t h e  
l i k e l i h o o d  of monthly s l i p s ,  a s e p a r a t i o n  i n  d a i l y  l aunch  
windows of  48 hours  would be more d e s i r a b l e  t o  p e r m i t  reser- 
v i c i n g  s p a c e c r a f t  c ryogen ics  f o r  s c r u b s  a f t e r  T - 1 1  h o u r s ,  and/ 
3r pe rmi t  more t i m e  f o r  s e r i a l  r e p a i r .  S i n c e  t h e  second month 
nay be a more reliable " l a s t  chance" t h a n  t h e  t h i r d  month 
3ecause of t h e  h y p e r g o l i c  p r o p e l l a n t  c o m p a t i b i l i t y  l i m i t a t i o n ,  
it i s  s u g g e s t e d t h a t  c o n s i d e r a t i o n  be  g i v e n  t o  improving 
Launch-abi l i ty  t o  t h e  prime s i t e  f o r  m i s s i o n s  w i t h  l o w  launch-  
a b i l i t y  r a t i n g s  by (1) i n c r e a s i n g  t h e  number of windows i n  
:he f i r s t  monthly o p p o r t u n i t y ,  p r e f e r a b l y  w i t h  a s e p a r a t i o n  

9 ' O N  44 I f  48 hours  and/or  ( 2 )  having a t  l e a s t  t w o  l aunch  windows 
-18 hours  a p a r t  i n  t h e  second monthly o p p o r t u n i t y .  

An a t t r a c t i v e  a l t e r n a t i v e  t o  rea l ize  a d u a l  l aunch  
w i n ? c ~ . r  straten17 i n  the f i r s t  and/or second ifioiiiil w i t h  a 
48-hour s e p a r a t i o n  might  be o f f e r e d  by a m i s s i o n  d e s i g n  con- 
c e p t  u s i n g  a combina t ion  Bf. .both t h e  e a r l v - l a u n c h  ( w i t h  a 

'31 

pi4 

lrdu d e l a y  i n  l u n a r  o r b i t  f o r  optimum l i g h t i n g j  and h i g h e r  
l i g h t i n g  ang le  launch  windows: i .e . ,  t h e  c u r r e n t  on - t i&  \ -  

L L  
m z D .  - 2 3  
%id- nominal launch  window would n o t  be used .  , * -? -4c 

c 
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DATE: February 20,  1970 

FROM: C .  H. E l e y ,  I11 

MEMORANDUM FOR FILE 

1.0 INTRODUCTION 

U n t i l  r e c e n t l y ,  t h e  l aunch  s t r a t e g y  f o r  t h e  Apo l lo  
m i s s i o n s  u t i l i z e d  backup l u n a r  l a n d i n g  si tes t o  p r o v i d e  a d d i -  
t i o n a l  l aunch  windows d u r i n g  a l l  monthly l aunch  o p p o r t u n i t i e s .  
MSC h a s  adopted  a s t r a t e g y  f o r  l u n a r  e x p l o r a t i o n  m i s s i o n s  
t h a t  (1) t h e  l aunch  window(s) i n  t h e  f i r s t  monthly l aunch  
o p p o r t u n i t y  be  l i m i t e d  t o  t h e  p r imary  s i t e ,  and  ( 2 )  t h a t  
l a u n c h  t o  a second ( o r  backup) s i t e  o n l y  be c o n s i d e r e d  d u r i n g  
t h e  second monthly o p p o r t u n i t y .  While t h i s  s t r a t e g y  a t t e m p t s  
t o  o p t i m i z e  s c i e n c e  o b j e c t i v e s  fo r  each  m i s s i o n ,  it a l s o  
i n c r e a s e s  t h e  l i k e l i h o o d  of having  t o  undergo a one month 
r e s c h e d u l e  i n  l aunch  o p e r a t i o n s  a t  KSC. 

The purpose  of t h i s  memorandum i s  t o  p r e s e n t  t h e  
e f f ec t  of  t h e  above s t r a t e g y  w i t h  r e g a r d  t o  l aunch  o p e r a t i o n s .  
C o n s i d e r a t i o n  i s  a l s o  g i v e n  t o  a new l aunch  s t r a t e g y  now 
e v o l v i n g  i n  t h e  program which i n v o l v e s  u s e  of a t h i r d  monthly 
l a u n c h  o p p o r t u n i t y .  The l u n a r  e x p l o r a t i o n  m i s s i o n s  are  r a t e d  
as t o  r e l a t i v e  l a u n c h - a b i l i t y ,  and t h o s e  m i s s i o n s  which have  
t h e  weakes t  p r o b a b i l i t y  of mis s ion  success from t h e  s t a n d -  
p o i n t  of l a u n c h - a b i l i t y  are  i d e n t i f i e d  as c a n d i d a t e s  r e q u i r i n g  
a d d i t i o n a l  l aunch  windows. S u g g e s t i o n s  are a l s o  made . to  
improve t h e  l a u n c h - a b i l i t y  f o r  t h e s e  m i s s i o n s  t o  t h e  p r imary  
s i t e  t o  r e d u c e  t h e  l i k e l i h o o d  of  a one month r e c y c l e  i n  
l aunch  o p e r a t i o n s .  

2.0 ONE MONTH TURNAROUND FOR LUNAR MISSIONS 

2 . 1  Genera l  

The a b i l i t y  to s u c c e s s f u l l y  l aunch  an  Apol lo /Sa turn  V 
h a s  been demonst ra ted  w i t h  seven v e h i c l e s .  
o c c u r r e d  (Apol lo  9 ) ;  however, several countdowns have come 
close t o  b e i n g  scrubbed--notably Apol lo  1 2 .  A p r o b a b i l i t y  

f u t u r e  l u n a r  e x p l o r a t i o n  mis s ion  because  o f  mechanica l  
problems o r  ac t s  of  God (crew i l l n e s s ,  wea the r ,  e t c . ) .  

Only one s c r u b  h a s  

remains t h a t  1 c c r l l h  car? ncc1-?r dur ing  the cc?untdnwn f n r  any 
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During t h e  Apol lo  1 2  countdown, i t  became n e c e s s a r y  
t o  r e p l a c e  a CSM-LH2 t a n k  a f t e r  a l e a k  w a s  d i s c o v e r e d .  
F o r t u n a t e l y ,  t h e  p l a n n i n g  had been such  t h a t  s u f f i c i e n t  
b u i l t - i n  h o l d  t i m e  w a s  a v a i l a b l e  t o  f a c i l i t a t e  t a n k  r ep lacemen t  
before l aunch .  Had t h e  launch crews been u n a b l e  t o  complete  
t h e  t a n k  change i n  t i m e ,  t h e  countdown would have been 
scrubbed  and t h e  l a u n c h  would have  had t o  be r e s c h e d u l e d  t o  
t h e  n e x t  month because  t h e r e  was o n l y  one l a u n c h  window f o r  
s i t e  7 ,  t h e  pr imary  s i t e ,  i n  t h e  f i r s t  month.* 

A s c r u b  d u r i n g  t h e  f i r s t  monthly l aunch  o p p o r t u n i t y  
fo r  any f u t u r e  m i s s i o n  w i l l  r e q u i r e  r e s c h e d u l i n g  t h e  l aunch  
t o  t h e  n e x t  monthly o p p o r t u n i t y .  Cons ide r ing  t h e  si tes cu r -  
r e n t l y  approved for  t h e  l u n a r  e x p l o r a t i o n  phase  o f  t h e  program, 
t h e  r e s c h e d u l e  p e r i o d  w i l l  be 28-30 days  depending  on t h e  
m i s s i o n  and t i m e  of y e a r .  

2 . 2  S p a c e c r a f t  P r o p e l l a n t  Subsystems C a p a b i l i t y  
L i f e t i m e  

The exposure  l i f e t i m e  of t h e  s p a c e c r a f t  p r o p e l l a n t  
subsys tems t o  h y p e r g o l i c  p r o p e l l a n t s  i s  c u r r e n t l y  70-75 days  
as de te rmined  by t h e  LM-APS/DPS.** 

Once t h e  p r o p e l l a n t s  are loaded  ( a b o u t  one  month 
before l a u n c h ) ,  t h e  v e h i c l e  m u s t  t h e r e f o r e  be  launched  i n  
one  of t h e  n e x t  two monthly launch o p p o r t u n i t i e s  o r  be 
r e t u r n e d  t o  t h e  VAB f o r  s p a c e c r a f t  removal.  Detanking t h e  
h y p e r g o l i c  p r o p e l l a n t s  would no t  s t o p  t h e  s u b s y s t e m ' s  l i f e t i m e  
'I c l o c k .  I' 

MSC h a s  r e c e n t l y  taken  a c t i o n  t o  i n c r e a s e  t h e  com- 
p a t i b i l i t y  l i f e t i m e  t o  1 1 0  days which c o u l d  make a t h i r d  
monthly o p p o r t u n i t y  a v a i l a b l e .  I t  i s  unde r s tood  t h i s  i s  
b e i n g  c o n s i d e r e d  f o r  Apol lo  1 4 .  The l aunch  s t r a t e g y  impl i -  
c a t i o n s  i n  r e a l i z i n g  a t h i r d  monthly o p p o r t u n i t y  are d i s c u s s e d  
i n  more d e t a i l  i n  S e c t i o n  5 .0 .  

*A second launch  window t o  a backup s i t e  w a s  a v a i l a b l e ;  
however,  it w a s  n o t  compat ib le  w i t h  some o f  t h e  m i s s i o n  
o b j e c t i v e s  f o r  which t h e  f l i g h t  c r e w  had t r a i n e d .  

**rnL,, -..,---A ------..-- 
I I I C  b U U L L G l I L  CZApU3ULC lifetime of other space - - - I '  v e r l l c i e  

p r o p e l l a n t  subsystems t o  h y p e r g o l i c  p r o p e l l a n t s  i s :  SPS - 
9 0  d a y s ,  CSM/LM RCS - 1 0 3  days ,  and S-IVB APS - 90 days .  
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2 . 3  Pad O p e r a t i o n s  During One-Month Turnaround 

The S a t u r n  V Countdown Working Group has  completed 
a p r e l i m i n a r y  t es t  f low of t h e  o p e r a t i o n s  invo lved  i n  a one- 
month tu rna round  ( F i g u r e  1) .  Assuming w o r s t  case c o n d i t i o n s  
( e . g .  h y p e r g o l i c  p r o p e l l a n t s  l o a d e d ,  s c r u b  d u r i n g  t h e  l a t t e r  
p a r t  o f  l aunch  countdown),  t h e  o p e r a t i o n s  i n  a one-month 
t u r n a r o u n d  are c h a r a c t e r i z e d  by a n  a l m o s t  complete  i n e r t i n g  of 
t h e  s p a c e  vehicle--removal  of p r o p e l l a n t s  ( e x c e p t  h y p e r g o l i c  
p r o p e l l a n t s ) ,  g a s e s ,  o rdnance ,  b a t t e r i e s ,  water ,  e tc . ,  fo l lowed  
by a minimal amount of  retest and r e v e r i f i c a t i o n  i n  p r e p a r a t i o n  
f o r  a n o t h e r  countdown. 

A F l i g h t  Readiness  T e s t  (FRT)  i s  n o t  performed d u r i n g  
a one-month tu rna round  because t h e  p r e s e n c e  o f  h y p e r g o l i c  pro-  
p e l l a n t s  i n  t h e  s p a c e c r a f t  p r e v e n t s  e x e r c i s i n g  a major p o r t i o n  
of t h e  Acceptance Checkout Equipment ( A C E ) .  The Countdown 
Demonst ra t ion  T e s t  (CDDT) is a l s o  n o t  performed due t o  l a c k  o f  
t i m e .  However, a p a r t i a l  CDDT might  be  performed i f  n e c e s s a r y .  

I n  sum, a one-month tu rna round  can  b e  performed.  
However, it i s  recogn ized  t h a t  t h i s  i s  a t  b e s t  a con t ingency  
o p e r a t i o n .  With i n c r e a s e d  s y s t e m ' s  exposure  t o  h y p e r g o l i c  
p r o p e l l a n t s  and minimal r e v e r i f i c a t i o n ,  a reduced  c o n f i d e n c e  
i n  t h e  v e h i c l e  sys tems i s  a p o s s i b i l i t y .  
f o r e ,  t h a t  w h i l e  w e  have t h e  c a p a b i l i t y  t o  perform a one-month 
t u r n a r o u n d ,  it would be  p r e f e r a b l e  n o t  t o  do so  f o r  l aunch  
o p e r a t i o n s .  

I t  would a p p e a r ,  t h e r e -  

2 . 4  P o s s i b l e  C o n s t r a i n t s  f o r  Launch Attempt i n  a T h i r d  
Monthly Oppor tuni ty  

A p o t e n t i a l  c o n s t r a i n t  i n  t h e  c a p a b i l i t y  t o  l aunch  
i n  a t h i r d  monthly o p p o r t u n i t y  i s  t h a t  t h e  mechanica l  p o r t i o n s  
of t h e  s p a c e c r a f t  p r o p u l s i o n  subsystems would n o t  have been 
e x e r c i s e d  s i n c e  t h e  FRT due  t o  t h e  p r e s e n c e  of  h y p e r g o l i c  
p r o p e l l a n t s .  

The FRT i s  performed a b o u t  s i x  weeks b e f o r e  t h e  f i r s t  
monthly o p p o r t u n i t y .  The t i m e ,  t h e r e f o r e ,  between t h e  FRT and  
a t h i r d  monthly o p p o r t u n i t y  would be  abou t  1 0 4  days .  

l i m i t e d  o v e r a l l  r e v e r i f i c a t i o n  of  p r o p u l s i o n  subsystems d u r i n g  
t h i s  p e r i o d ,  would c o n t r i b u t e  t o  a reduced conf idence  i n  t h e  
mechanica l  p o r t i o n s  of t h e s e  subsys tems.  

The 
l e n g t h y  exposure  t o  hype rgo l i c  p r o p e l l a n t s ,  - i n  a d d i t i o n  t o  a 

3 . 0  EARTH LAUNCH WINDOWS 

3 . 1  Genera l  

LOW sun a n g l e s  a re  s t i l l  r e q u i r e d  f o r  l a n d i n g  on t h e  
l u n a r  s u r f a c e .  T h i s  requi rement  l a r g e l y  c o n s t r a i n s  e a r t h  
l a u n c h  windows to one day pe r  month for  a p a r t i c u l a r  l u n a r  
s i t e ,  assuming r e l a t i v e l y  f i x e d  earth-moon t r a n s i t  t i m e s .  
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3 . 2  P r o b a b i l i t y  of  Launch vs Number of Launch Windows 

A second d a i l y  launch  window i n c r e a s e s  t h e  p r o b a b i l i t y  
of l a u n c h  s u c c e s s  w i t h i n  a g iven  monthly o p p o r t u n i t y  and ,  hence ,  
r e d u c e s  t h e  chances  o f  a one-month tu rna round .  While it i s  
d i f f i c u l t  t o  a s s i g n  e x a c t  p r o b a b i l i t i e s  t o  launch  o p e r a t i o n s ,  
t h e  r e l a t i o n s h i p  between t h e  p r o b a b i l i t y  of l aunch  and t h e  
number and s p a c i n g  of  l a u n c h  windows w a s  examined i n  Refe rence  5 
and i s  shown i n  F i g u r e  2 (updated  t o  re f lec t  Apol lo /Sa turn  V 
l a u n c h  e x p e r i e n c e ) .  F i g u r e  2 i n d i c a t e s  t h a t  from t h e  s t and-  
p o i n t  of l aunch  o p e r a t i o n s ,  two launch  windows 2 4  hours  a p a r t  
o f fe r  a h i g h e r  p r o b a b i l i t y  of l aunch  t h a n  one l aunch  window f o r  
any s i t e .  However, a 24-hour s e p a r a t i o n  between two l aunch  
windows does  n o t  pe rmi t  r e s e r v i c i n g  of s p a c e c r a f t  c r y o g e n i c s  i f  
a s c r u b  o c c u r s  a f t e r  T-11 hours .  A 48-hour span  between two 
l aunch  windows would be a more d e s i r a b l e  s e p a r a t i o n  t o  ( a )  a l l o w  
f o r  r e s e r v i c i n g  s p a c e c r a f t  c ryogen ics  f o l l o w i n g  a s c r u b  a f t e r  
T-11 h o u r s ,  and/or  ( b )  pe rmi t  more t i m e  f o r  s e r i a l  r e p a i r  i n  t h e  
e v e n t  o f  a sc rub .*  

3 . 3  A l t e r n a t i v e s  t o  P rov ide  A d d i t i o n a l  Launch Windows 

I n  order t o  have more t h a n  one l aunch  window i n  a 
g i v e n  monthly o p p o r t u n i t y ,  t h e r e  are s e v e r a l  a l t e r n a t i v e s :  

a. 

b. 

C .  

d .  

e. 

Have a d d i t i o n a l  s i t e  ( s )  w e s t  o f  t h e  pr imary  
s i t e  t o  p r o v i d e  backup l aunch  window(s) .  

Expand t h e  band of  sun  a n g l e s  r e q u i r e d  for  
l a n d i n g  on t h e  l u n a r  s u r f a c e  ( e . g .  l a n d  w i t h  
a h i g h e r  sun a n g l e  t h a n  i s  c u r r e n t l y  u s e d ) .  
An expans ion  of 13' i n  a l l o w a b l e  sun  a n g l e  would 
pe rmi t  l aunch ing  a day l a t e r  t h a n  t h e  nominal 
launch  d a t e .  

Launch one day e a r l y  and s u b s e q u e n t l y  w a i t  i n  
l u n a r  o r b i t  f o r  t h e  d e s i r e d  sun  a n g l e  a t  t h e  
l a n d i n g  s i t e .  I n  t h i s  case, t h e  nominal launch  
window would become a backup window. 

U s e  A t l a n t i c  t r a n s l u n a r  i n j e c t i o n s  i n  a d d i t i o n  
t o  P a c i f i c  i n j e c t i o n s  t o  p r o v i d e  two launch  
windows i n  one day .  

U s e  non-f ree  r e t u r n  t r a j e c t o r i e s  t o  e f f e c t  
l a r g e r  changes i n  earth-moon t r a n s i t  t i m e s .  

*Reference 3 
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Except  fo r  ( a )  above, t h e  Apol lo  program h a s  n o t  used  
any o p t i o n s  t o  p r o v i d e  a d d i t i o n a l  l aunch  windows d u r i n g  t h e  
monthly l aunch  o p p o r t u n i t i e s .  MSC i s  c o n s i d e r i n g  t h e  use  of  
h i g h e r  s u n  a n g l e s  f o r  l u n a r  l a n d i n g s .  However, i t  w i l l  n o t  be 
known i f  h i g h e r  sun  a n g l e s  a r e  f e a s i b l e  u n t i l  a d d i t i o n a l  
s i m u l a t o r  t i m e  and/or  o p e r a t i o n a l  e x p e r i e n c e  i s  a c q u i r e d .  

3 .3 .1  Launching One Day " E a r l y "  

The q u e s t i o n  of launching  " e a r l y "  e n t a i l s  c o u n t i n g  
down and l a u n c h i n g  a day b e f o r e  t h e  nominal l aunch  d a t e .  A f t e r  
l a u n c h ,  t h e  s p a c e c r a f t  would r e a c h  t h e  moon a day  e a r l y .  Hence, 
i t  would b e  n e c e s s a r y  t o  w a i t  i n  l u n a r  o r b i t  f o r  t h e  d e s i r e d  
sun  a n g l e  a t  t h e  l a n d i n g  s i t e .  The advantage  i n  d o i n g  t h i s  i s  
t h a t  t h e  nominal launch  window becomes a backup l aunch  window 
f o r  t h e  same s i t e  i n  case of  a s c r u b ,  t h u s  p r o v i d i n g  a n  e x t r a  
window 2 4  hour s  l a t e r  i n  a monthly o p p o r t u n i t y .  

The re  are no c o n s t r a i n i n g  problems from countdown, 
t r a j e c t o r y  o r  f u e l  r equ i r emen t s  i n  l aunch ing  a day  e a r l y .  
However, some o f  t h e  t i m e  s p e n t  i n  l u n a r  o r b i t  b e f o r e  l a n d i n g  
may de t r ac t  from t h e  t i m e  a v a i l a b l e  f o r  o r b i t a l  s c i e n c e  a f t e r  
rendezvous.  Ea r ly - l aunch  combined w i t h  a l o n g e r  t r a n s i t  t i m e  
( i n s t e a d  0f w a i t i n g  i n  l u n a r  o r b i t )  would have t h e  same e f f e c t .  

I t  i s  recogn ized  t h a t  l a u n c h i n g  one day e a r l y  may be 
an  ex t reme a l t e r n a t i v e ,  y e t  it i s  one way t o  i n c r e a s e  t h e  
number of d a i l y  l aunch  windows i n  t h e  f i r s t  monthly o p p o r t u n i t y .  

4 . 0  RATING LUNAR EXPLORATION SITES BY LAUNCH-ABILITY 

4 . 1  Genera l  

The t e r m  " l a u n c h - a b i l i t y "  i s  d e f i n e d  h e r e  as t h e  
p r o b a b i l i t y  of  s u c c e s s f u l l y  l aunch ing  a s p e c i f i c  l u n a r  m i s s i o n  
r e l a t i v e  t o  a l l  o t h e r  m i s s i o n s ,  p r e f e r a b l y  t o  i t s  d e s i g n a t e d  
pr imary  s i t e ,  b u t ,  i f  t h i s  i s  n o t  p o s s i b l e ,  to a backup s i t e  
b e f o r e  r e t u r n i n g  t h e  space veh ic l e  t o  t h e  VAB. 

4 . 2  T o t a l  Launch Window P o s t u r e  

S i n c e  l a u n c h - a b i l i t y  v a r i e s  d i r e c t l y  w i t h  t h e  number 
and s p a c i n g  of  launch  windows f o r  a s p e c i f i c  m i s s i o n  r e l a t ive  
t o  a l l  o t h e r  m i s s i o n s ,  a l l  a v a i l a b l e  l aunch  windows f o r  each  
m i s s i o n  are examined. The t o t a l  l aunch  window p o s t u r e  i s  
c o n s i d e r e d  t o  i n c l u d e :  
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Nominal (optimum) launch  windows 

Launch window o p t i o n s  ( e a r l y - l a u n c h ,  h i g h e r  

T o t a l  number o f  windows (nominal  p l u s  o p t i o n s )  
Launch window sequence 

Othe r  f a c t o r s .  

l i g h t i n g  a n g l e )  

Tab le  1 l i s t s  t h e  c u r r e n t  l u n a r  e x p l o r a t i o n  m i s s i o n s  
and several a l t e r n a t e  s i tes .  T a b l e  1 a l s o  i n d i c a t e s  whether  
t h e  s i tes  are  month dependent  f o r  l aunch ,  t h e i r  a b i l i t y  t o  
a c c e p t  a 24-hour l i g h t i n g  d e l a y ,  and tu rna round  i n f o r m a t i o n  (as  
g i v e n  a t  t h e  l a s t  mee t ing  of t h e  Apol lo  S i t e  S e l e c t i o n  Board, 
October  3 0 ,  1 9 6 9 ) .  T a b l e  2 i n c o r p o r a t e s  t h e  i n f o r m a t i o n  from 
T a b l e  1 t o  show t h e  sequence o f  nominal and o p t i o n a l  windows 
d u r i n g  two monthly l aunch  o p p o r t u n i t i e s .  

The o p t i o n a l  launch  windows i n d i c a t e d  i n  T a b l e  2 
o p t i m i z e  as much as p o s s i b l e  a launch  t o  t h e  p r ime ,  o r  s c i e n c e ,  
s i t e .  The backup s i t e  has  s c i e n c e  o b j e c t i v e s ,  o f  c o u r s e ,  b u t  
s i n c e  c u r r e n t  h y p e r g o l i c  p r o p e l l a n t  c o m p a t i b i l i t y  makes t h e  
second monthly o p p o r t u n i t y  a " l a s t  chance , "  t h e  backup s i t e  
window i s  d e f i n e d  h e r e  more as a l aunch  o b j e c t i v e  t o  p r e c l u d e  
r e t u r n i n g  t o  t h e  VAB. 

4 . 2 . 1  Nominal Launch Windows 

a .  A s  a b a s i c  c a p a b i l i t y ,  a l l  m i s s i o n s  have one  
nominal ( o r  optimum) launch  window i n  each  
monthly o p p o r t u n i t y  t o  t h e  pr ime s i t e .  

b. A l l  m i s s i o n s  excep t  J-1 (Marius H i l l s )  have a 
monthly l aunch  window t o  a second (or  backup) 
s i t e .  I t  i s  assumed t h a t  a backup s i t e  f o r  
t h e  J-3 m i s s i o n  (Hadley) w i l l  b e  chosen a t  a 
l a t e r  d a t e .  

4 . 2 . 2  O p t i o n a l  Launch Windows 

The o p t i o n a l  launch  windows i n d i c a t e d  i n  T a b l e  2 are 
o n l y  f o r  e a r l y - l a u n c h  o r  h ighe r  l i g h t i n g  i n  t h e  f i r s t  and 
second months. Other  l aunch  window p o s s i b i l i t i e s  such  as  
A t l a n t i c  t r a n s l u n a r  i n j e c t i o n s  and non-f ree  r e t u r n  t r a j e c t o r i e s  
;re not cor;sidered f eas ib l e  - v h - C - m  ..-L:--- 

However, a non-f ree  r e t u r n  t r a j e c t o r y  c o u l d  become a s e r i o u s  
c a n d i d a t e  as t h e  program m a t u r e s .  

yLuyLUltt uyLIu113 at the preseiit tire. 

Summarizing t h e  launch window o p t i o n s  i n  T a b l e  2 :  

a. A l l  m i s s i o n s  cou ld  s u p p o r t  an  e a r l y - l a u n c h  
t o  t h e  prime s i te .  
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b. A l l  m i s s i o n s  e x c e p t  J-1 (Marius H i l l s )  and 
J-3 (Hadley-Apennine) have s e p a r a t i o n s  i n  
t h e  second month between t h e  pr imary  and 
backup l aunch  windows e q u a l  t o  o r  g r e a t e r  
t h a n  48 hours  which p e r m i t  an e a r l y - l a u n c h  
t o  t h e  backup s i te ,  i f  d e s i r e d .  

c. Three  m i s s i o n s  c u r r e n t l y  appea r  t o  be  able  
t o  a c c e p t  a 24-hour l aunch  d e l a y  by l a n d i n g  
w i t h  h i g h e r  sun  a n g l e s . *  

4.3 Launch-Abil i ty  Ra t ings  

Tab le  3 i n c o r p o r a t e s  t h e  i n f o r m a t i o n  from T a b l e s  1 
and 2 and g i v e s  a l a u n c h - a b i l i t y  r a t i n g  f o r  each  m i s s i o n .  
Table 4 ( i n  S e c t i o n  6.0) i s  an overa l l  summary of  Table 3. 
L a u n c h - a b i l i t y  r a t i n g s  v a r y  from ' 'poor" t o  " e x c e l l e n t "  on a 
r e l a t i v e  basis.  The fo l lowing  d i s c u s s e s  each  c a t e g o r y .  

a .  Poor  

One m i s s i o n  is  rated "poor"  i n  l a u n c h - a b i l i t y .  

The J-1 m i s s i o n  (Marius H i l l s )  i s  r a t e d  t h e  weakes t  i n  
l a u n c h - a b i l i t y .  There i s  no backup s i t e  a v a i l a b l e ,  i t  i s  month 
dependen t ,  and t h e r e  i s  p r e s e n t l y  o n l y  one launch  window d u r i n g  
e a c h  monthly o p p o r t u n i t y .  A s i n g l e  window i n  each  monthly 
o p p o r t u n i t y  carr ies  w i t h  it a g r e a t e r  chance of l aunch  s l i p p a g e ,  
p a r t i c u l a r l y  i n  t h e  second month where t h e  h y p e r g o l i c  compati -  
b i l i t y  l i f e t i m e  c o n s t r a i n t  may become t h e  l i m i t i n g  f a c t o r .  
A d d i t i o n a l  windows are needed i n  t h e  f i r s t  and/or  second monthly 
o p p o r t u n i t y  t o  improve i t s  l a u n c h - a b i l i t y  r a t i n g .  Ea r ly - l aunch  
would accompl ish  t h i s .  

b. Fa i r  

Two m i s s i o n s  are  r a t e d  " f a i r "  i n  l a u n c h - a b i l i t y .  

1. J-4 (Tycho) - b a s i c a l l y  t h e  same c o n d i t i o n s  
as f o r  Marius H i l l s  e x c e p t  t h e r e  i s  a backup 
s i t e  a v a i l a b l e  t o  p rov ide  a second l aunch  
window d u r i n g  t h e  second monthly o p p o r t u n i t y .  
i s  a l s o  month dependent  fo r  l aunch  d u r i n g  t h e  y e a r .  
Ear ly- launch  i n  t h e  f i r s t  and/or  second monthly 

I t  

oFportufiity -*- .*l  A ; r n - v n ~ r n  =,,nnh ah: 1 t x ,  rat: n p ~  
3 -  W V U l U  rl l lyr"" L 1,,**,,,-,,*,, -J + - ---- 

*Meeting of Apollo S i t e  S e l e c t i o n  Board, October  1 9 6 9 .  
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2 .  H-2 (Fra Mauro) - Same as J-4 (Tycho) . Since  
a h i g h e r  l i g h t i n g  angle  f o r  l a n d i n g  was 
r e c e n t l y  d isapproved  f o r  t h i s  m i s s i o n ,  t h e  
o n l y  way t o  improve i t s  l a u n c h - a b i l i t y  r a t i n g  
would be ea r ly - l aunch .  Launch window sepa-  
r a t i o n  (between primary and backup s i tes )  i n  
t h e  second month b a r e l y  s u p p o r t s  a f u l l  r e c y c l e .  
I n  t h e  e v e n t  of  a s c r u b ,  t h e  r e l a t i v e l y  s m a l l  
s e p a r a t i o n  between launch windows would l e a v e  
less t i m e  f o r  r e p a i r s ,  i f  r e q u i r e d ,  t han  i s  
a v a i l a b l e  f o r  o ther  m i s s i o n s .  

c.  Good 

One m i s s i o n ,  H - 3  ( L i t t r o w ) ,  i s  r a t e d  "good" 
i n  launch  a b i l i t y . *  

Same comments as f o r  H - 2  e x c e p t  there i s  a b e t t e r  
s e p a r a t i o n  between t h e  prime and backup launch  windows d u r i n g  t h e  
second monthly o p p o r t u n i t y .  

d.  Very G o o d  

Two m i s s i o n s  are r a t e d  "ve ry  good" i n  l a u n c h - a b i l i t y .  

1. J - 2  (Copernicus)  

2 .  J -3  (Hadley-Apennine) 

Desp i t e  t h e  f a c t  t h a t  b o t h  t h e s e  m i s s i o n s  a r e  month 
dependent  and do n o t  have a good launch  window p o s t u r e  i n  t h e  
second month f o r  tu rnaround t o  t h e  backup s i t e ,  a d d i t i o n a l  
o p t i o n s  (due t o  t h e  a v a i l a b i l i t y  of h i g h e r  l i g h t i n g  a n g l e s  
d u r i n g  each monthly o p p o r t u n i t y )  r e s u l t s  i n  a r a t i n g  of ve ry  
good. I t  i s  f e l t  t h a t  t h e  a v a i l a b i l i t y  of windows i n  t h e  
f i rs t  month w i t h  h i g h e r  l i g h t i n g  more t h a n  o f f s e t s  t h e  poor  
backup s i t e  p o s t u r e  i n  t h e  second month. 

e. E x c e l l e n t  

One mis s ion  i s  r a t e d  " e x c e l l e n t "  i n  l a u n c h - a b i l i t y  

H-4 (Censor inus)  i s  cons ide red  t o  be e x c e l l e n t  i n  
l a u n c h - a b i l i t y  a s  compared wi th  a l l  o t h e r s .  The mis s ion  i s  
n o t  z ~ z t h  dependent and it c m  accept h ighe r  lighting f o r  

*A mis s ion  w i t h  Descar tes  a s  t h e  prime s i t e  would also 
be r a t e d  "good" i n  l a u n c h - a b i l i t y .  
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a 24-hour l aunch  d e l a y .  I n  a d d i t i o n ,  t h e  tu rna round  t i m e  d u r i n g  
t h e  second monthly o p p o r t u n i t y  i s  so l o n g  t h a t  t h e  m i s s i o n  
c o u l d  s c r u b  f o r  i t s  nominal  window, t r y  2 4  hour s  l a t e r ,  s c r u b  
a g a i n  and s t i l l  have s u f f i c i e n t  t i m e  r ema in ing  t o  per form a 
f u l l - b o r e  tu rna round  f o r  an  ea r ly - l aunch  t o  t h e  backup s i te .  

5 .0  LAUNCH STRATEGY W I T H  PRIME S I T E  ONLY I N  ALL MONTHLY LAUNCH 
OPPORTUNITIES 

A new l a u n c h  s t r a t e g y  of  t a r g e t i n g  o n l y  f o r  t h e  pr ime 
s f t e  i n  e i t h e r  two o r  t h r e e  monthly o p p o r t u n i t i e s  ( w i t h o u t  any 
backup s i t e )  i s  b e i n g  cons ide red  a t  MSC. The absence  of a backup 
s i t e  i n  a second monthly o p p o r t u n i t y  i n c r e a s e s  t h e  l i k e l i h o o d  o f  
a s l i p  from t h e  second monthly o p p o r t u n i t y  t o  t h e  t h i r d  monthly 
o p p o r t u n i t y  w i t h  a f u r t h e r  r e d u c t i o n  i n  sys tems c o n f i d e n c e .  The 
l i k e l i h o o d  of  a t h i r d  l aunch  s l i p  through a t h i r d  monthly oppor- 
t u n i t y  would b e  s i m i l a r l y  i n c r e a s e d .  I r o n i c a l l y ,  a p r i m e - s i t e -  
o n l y  s t r a t e g y  would n o t  e f f e c t  t h e  l a u n c h - a b i l i t y  o f  a m i s s i o n  
t o  Marius  H i l l s ,  r a t e d  as p r e s e n t l y  t h e  weakes t  i n  l a u n c h - a b i l i t y ,  
because  i t s  p o s i t i o n  on t h e  l u n a r  s u r f a c e  p r e c l u d e s  a backup s i t e  
i n  any case. 

The d a i l y  l aunch  window o p t i o n s  r e c e n t l y  under  con- 
s i d e r a t i o n  by MSC f o r  t h e  prime s i t e - - t h a t  i s ,  e a r l y  l a u n c h ,  
nominal l aunch ,  and h i g h e r  l i gh t ing - -cove r  a span of 48 hour s .  
However, f i v e  si tes do n o t  appear  (by ear l ie r  MSC c r i t e r i a )  t o  
be a b l e  t o  a c c e p t  l u n a r  l and ing  w i t h  a h i g h e r  l i g h t i n g  a n g l e .  
Hence, t h e s e  s i tes  may have  only  two l aunch  windows ( e a r l y  and 
nominal)  2 4  h o u r s  a p a r t .  These si tes a r e : *  

F r a  Mauro ( H - 2  1 
L i t t r o w  (H-3) 
Marius H i l l s  (J-1) 

Tycho ( 5 - 4 )  
Descartes - 

I n  s e c t i o n  3 .2 ,  i t  w a s  p o i n t e d  o u t  t h a t  a 48-hour span 
between two l aunch  windows would be a more d e s i r a b l e  s e p a r a t i o n  
t o  ( a )  allow f o r  r e s e r v i c i n g  s p a c e c r a f t  c r y o g e n i c s  f o l l o w i n g  a 
s c r u b  a f t e r  T-11  h o u r s ,  and/or ( b )  p e r m i t  more t i m e  f o r  s e r i a l  
r e p a i r  i n  t h e  e v e n t  of a scrub .  

Ai-, a t t r ac t ive  alternati-;e t= realize a dua l  -launch 
window s t r a t e g y  w i t h  a 48-hour s e p a r a t i o n  migh t  b e  o f f e r e d  by a 
m i s s i o n  d e s i g n  concep t  u s i n g  a combinat ion o f  b o t h  t h e  e a r l y - l a u n c h  

*Unknown f o r  s i t e s  a t  Alphonsus,  Hyginus and Davey. 
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and t h e  h i g h e r  l i g h t i n g  a n g l e  l aunch  windows. Such a c o n c e p t  
would i n v o l v e  t h e  u s e  of t w o  p o s s i b l y  of f -nominal  m i s s i o n  d e s i g n s  
(op t imized  as a set  o f  t w r w h o s e  c h a r a c t e r i s t i c s  may s t i l l  be 
a c c e p t a b l e  from an  o v e r a l l  p o i n t  of view. The advan tage  i s  t h e  
r e a l i z a t i o n  o f  two launch  windows i n  t h e  f i r s t  and/or subsequen t  
monthly o p p o r t u n i t i e s  s e p a r a t e d  by 4 8  hours.  The p r e s e n t  m i s s i o n  
d e s i g n  a p p e a r s  t o  i n v o l v e  t h e  o p t i m i z a t i o n  of i n d i v i d u a l  m i s s i o n s  
f o r  t h e  nominal l aunch  d a t e s  and t h e  u s e  of s i n g l e  "of f -nominal"  
m i s s i o n s  t o  r ea l i ze  e x t r a  launch  windows one day e a r l y  o r  one 
day l a t e r -  

6 . 0  SUMMARY 

U n t i l  r e c e n t l y ,  the  l aunch  s t r a t e g y  f o r  t h e  Apol lo  
m i s s i o n s  u t i l i z e d  backup l u n a r  l a n d i n g  s i tes  t o  p r o v i d e  add i -  
t i o n a l  l aunch  windows i n  a l l  monthly o p p o r t u n i t i e s .  The c u r r e n t  
s t r a t e g y  i s  t o  launch  i n  t h e  f i r s t  monthly o p p o r t u n i t y  o n l y  t o  
t h e  p r imary  s i t e  w i t h  a backup s i t e  added i n  t h e  second monthly 
o p p o r t u n i t y  t o  p r o v i d e  an  a d d i t i o n a l  launch  window. MSC is  
p r e s e n t l y  c o n s i d e r i n g  a r e v i s e d  launch  s t r a t e g y  o f  t a r g e t i n g  
o n l y  t o  t h e  prime s i t e  i n  a n y m o n t h l y  o p p o r t u n i t y  ( i . e . ,  no  
backup s i t e ) .  
d u r i n g  t h e  f i r s t  ( o r  any) monthly o p p o r t u n i t y  i n c r e a s e s  t h e  
l i k e l i h o o d  o f  having  t o  r e s c h e d u l e  t h e  l aunch  t o  t h e  f o l l o w i n g  
month . 

A s t r a t e g y  of l aunch ing  on ly  t o  t h e  pr ime s i t e  

Using t h e  c u r r e n t  launch s t r a t e g y  (as g i v e n  a t  t h e  
Oc tobe r  mee t ing  of t h e  ASSB), t h e  H-2  ( F r a  Mauro) , J-1 (Marius 
H i l l s ) ,  and J - 4  (Tycho) m i s s i o n s  have a lower o v e r a l l  launch-  
a b i l i t y  t h a n  o t h e r s ,  p r i m a r i l y  due t o  t h e  number of launch  
windows i n  t h e  f i r s t  month and t h e i r  l aunch  window p o s t u r e  
d u r i n g  t h e  second month--which may be t h e  " l a s t  chance" because  
o f  t h e  c u r r e n t  h y p e r g o l i c  c o m p a t i b i l i t y  l i m i t a t i o n .  A summary 
mat r ix  of t h e  o v e r a l l  l aunch  window p o s t u r e  and l a u n c h - a b i l i t y  
r a t i n g  f o r  each  m i s s i o n  i s  shown i n  Table  4 .  

Using t h e  p r ime-s i t e -on ly  launch  s t r a t e g y  (no  backup 
s i t e s ) ,  m i s s i o n s  t o  F ra  Mauro ( H - 2 ) ,  L i t t r o w  (H-3) ,  Marius 
H i l l s  (J-1), Tycho ( J - 4 ) ,  and Descartes may each b e  l imi t ed  t o  
o n l y  two d a i l y  launch  windws 2 4  hours  a p a r t  i n  a monthly l a u n c h  
o p p o r t u n i t y .  T h i s  would i n c r e a s e  t h e  l i k e l i h o o d  of a s l i p  from 
t h e  second t o  t h e  t h i r d  monthly o p p o r t u n i t y  ( o r ,  w i t h  t h e  p r e s e n t  
h y p e r g o l i c  c o m p a t i b i l i t y  l i f e t i m e ,  from t h e  second monthly 
o p p o r t u n i t y  t o  t h e  V A B ) .  A launch window s e p a r a t i o n  o f  4 8  hours  
would be more d e s i r a b l e  t o  a l low f o r  r e s e r v i c i n q  s p a c e c r a f t  
c r y o g e n i c s  and/or  permi t  more t i m e  f o r  s e r i a l  r e p a i r  i n  t h e  
e v e n t  o f  a s c r u b .  
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MISSION 

H - 2  

H-3 

H-4  

J-1 

5 - 2  

J - 3  

5 - 4  

- 

BELLCOMM. INC. 

PRIME 
SITE 

F. M.auro 

L i t t r o w  

C e n s o r i n u s  

M .  H i l l s  

Cope rn icus  

Hadley 

Tycho 

Descartes 

1ST 
!IONTH 

se-s 

se-s 

Se-S-Sh 

se-s 

Se-S-Sh 

Se-S-Sh 

se-s 

se-s 

- 11 - 

TABLE 4 

SUMMARY MATRIX 

2ND 
MONTH 

se-s - 

se- s - 

Se-S-Sh - 

se-s - 

Se-S-Sh - 

Se-S-Sh - 

se-s 

se-s- 

BACKUP 
SITE 

Le-L 

Le-L 

Le-L 

N/A 

L 

TBD 

L 

Le-L 

TURNAROUND 
TIME TO L 

49 

1 4 4  

153  

N/A 

48 

TBD 

72 

1 2 0  

LAUNCH- 
A B I L I T Y  

F a i r  

Good 

E x c e l l e n t  

Poor 

Very 
Good 

Very 
Good 

F a i r  

Good 

ZOMMENT 

YO Sh 

NO Sh 

Has sh 

No Sh,  N o  

Backup S i t e  

Has Sh 

Needs 
Backup S i t e  

N o  Sh 

No Sh 

Note: 

S - Nomina l  l aunch  window f o r  prime s i t e  
a l l  s i tes )  - E a r l y  l aunch  window f o r  prime s i t e  (unde r  c o n s i d e r a t i o n  f o r  'e Sh - Higher  l i g h t i n g  window f o r  pr ime s i t e  ( r e c e n t l y  c o n s i d e r e d  f o r  

L - Nominal l a u n c h  window f o r  backup s i t e  
L- - E a r l y  l a u n c h  window f o r  backup s i t e  ( n o t  y e t  c o n s i d e r e d )  

s i tes  shown) 
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For both launch strategies discussed, the list of 
missions weakest in launch-ability is the same except for 
Littrow and Descartes. 
may be a more reliable "last chance" because of the hypergolic 
compatibility limitation, it is suggested that consideration be 
given to improving the launch-ability and, hence, the probability 
of mission success for these missions by (1) increzsing the 
number of launch windows in the first monthly opportunity 
(preferably to two launch w i n d o w m t h  a separation of 48 hours, 
and/or (2) having at least two launch windows 48 hours apart to 
the prime site in the second monthly opportunity. An alternate 
to provide paired windows 48 hours apart might be offered by a 
mission design concept using a combination of both the early- 
launch and higher lighting angle launch windows, recognizing 
that such a concept would involve the use of two possibly off- 
nominal mission designs (optimized as a set of two) whose 
characteristics may still be acceptable from an overall point 
of view. 

Since the second monthly opportunity 

20 32-CHE-mp 

Attachments 
Figures 1-2 
Tablee 1-3 
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